Role of protein kinase C- or RhoA-induced Ca2+-sensitization in stretch-induced myogenic tone by �븞�뜒�꽑 & �씠�쁺�샇
Cardiovascular Research 53 (2002) 431–438
www.elsevier.com/ locate /cardiores
21Role of protein kinase C- or RhoA-induced Ca sensitization in
stretch-induced myogenic tone
a a a a,b cDong-Soo Yeon , Jung-Sup Kim , Duck-Sun Ahn , Seong-Chun Kwon , Bok-Soon Kang ,
d,e a,b ,*Kathleen G. Morgan , Young-Ho Lee
aDepartment of Physiology, College of Medicine, Yonsei University, C.P.O. Box 8044, Seoul, 120-752, Republic of Korea
bBK 21 Project for Medical Sciences, Yonsei University, C.P.O. Box 8044, Seoul, 120-752, Republic of Korea
cDepartment of Physiology, College of Medicine, Pochon CHA University, Pochon, 487-800, Republic of Korea
dSignal Transduction Group, Boston Biomedical Research Institute, Watertown, MA 02472, USA
eCardiovascular Division, Beth Israel Deaconess Medical Center and Harvard Medical School, Boston, MA 02215, USA
Received 15 March 2001; accepted 3 October 2001
Abstract
21Objective: It has been suggested that Ca sensitization mechanisms might contribute to myogenic tone. However, specific
21
mechanisms have yet to be fully identified. Therefore, we investigated the role of protein kinase C (PKC)- or RhoA-induced Ca
sensitization in myogenic tone of the rabbit basilar vessel. Methods: Myogenic tone was developed by stretch of rabbit basilar artery.
21Fura-2 Ca signals, contractile responses, PKC immunoblots, translocation of PKC and RhoA, and phosphorylation of myosin light
21
chains were measured. Results: Stretch of the resting vessel evoked a myogenic contraction and an increase in the intracellular Ca
21 21 1 21
concentration ([Ca ] ) only in the presence of extracellular Ca . Stretch evoked greater contraction than high K at a given [Ca ] .i i
21The stretch-induced increase in [Ca ] and contractile force were inhibited by treatment of the tissue with nifedipine, a blocker ofi
21
voltage-dependent Ca channel, but not with gadolinium, a blocker of stretch-activated cation channels. The PKC inhibitors, H-7 and
calphostin C, and a RhoA-activated protein kinase (ROK) inhibitor, Y-27632, inhibited the stretch-induced myogenic tone without
21
changing [Ca ] . Immunoblotting using isoform-specific antibodies showed the presence of PKCa and PKCe in the rabbit basilar artery.i
PKCa, but not PKCe, and RhoA were translocated from the cytosol to the cell membrane by stretch. Phosphorylation of the myosin light
chains was increased by stretch and the increased phosphorylation was blocked by treatment of the tissue with H-7 and Y-27632,
respectively. Conclusions: Our results are consistent with important roles for PKC and RhoA in the generation of myogenic tone.
Furthermore, enhanced phosphorylation of the myosin light chains by activation of PKCa and/or RhoA may be key mechanisms for the
21Ca sensitization associated myogenic tone in basilar vessels. Ó 2002 Elsevier Science B.V. All rights reserved.
Keywords: Microcirculation; Arteries; Calcium (cellular); E–c coupling; Stretch /m–e coupling
1. Introduction [2,3], the mechanisms by which vascular smooth muscle
cells respond to changes in intravascular pressure or stretch
Myogenic tone refers to the ability of vascular smooth are still not well understood. Several lines of evidence
muscle to alter its state of contractility in response to indicate that myogenic tone is thought to be highly
21
changes of intraluminal pressure; the vessel constricts in dependent on an elevation of the intracellular Ca con-
21 21
opposition to an increase in intravascular pressure and centration ([Ca ] ) [4–6] and Ca entry through voltagei
21dilates when the pressure decreases [1]. Although there is dependent Ca channels [7] and/or stretch activated
now compelling evidence to suggest that myogenic tone cation channels [8] are thought to play important roles. It
plays important role in the regulation of blood flow of has been suggested, based on experiments using activators
resistance vasculature, especially in the cerebral circulation and inhibitors of protein kinase C (PKC) that PKC may be
involved in stretch-induced tone. Furthermore, it has been
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21
suggested that Ca sensitization mechanisms might con- strips were washed with KH solution for 30 min to remove
tribute to myogenic tone [9–11]. However, specific mecha- extracellular fura-2 /AM and were held horizontally in a
nisms have yet to be fully identified. Recently, evidence temperature-controlled, 5 ml organ chamber. The KH
21for the involvement of the small GTPase RhoA in Ca solution was maintained at 378C and was continuously
sensitivity in smooth muscle contraction was reported from aerated with 95% O and 5% CO . After 30 min of2 2
several laboratories [12–15]. Therefore, a role for RhoA- washing in KH solution, one end of the muscle strip was
21induced Ca sensitization in the generation of myogenic connected to a force-displacement transducer to monitor
tone is possible. the muscle contraction under a resting force of 5 mN and
In this study, we investigated the involvement of PKC- equilibrated for 60 min. We have measured the magnitude
21
and RhoA-induced Ca sensitization in stretch-induced of the response to KH solution containing 50.5 mM KCl
21 1 1 1
myogenic tone by measuring Fura-2 Ca signals, contrac- (K substitution for Na , high K solution) at different
1tile responses, PKC immunoblots, translocation of PKC passive length. At a length that produces maximal K
and RhoA, and phosphorylation of 20 kDa myosin light contractions, we consistently measure a passive force of 5
chains. Our results strongly suggest a link between the mN. We have made efforts to prepare strips of identical
21Ca sensitization that occurs during the myogenic con- size and the weight of the tissue is consistently. Muscle
traction and activation of PKCa and RhoA. strips were illuminated alternately (48 Hz) at two excita-
tion wavelengths (340 and 380 nm). The intensity of 500
nm fluorescence (F and F ) was measured by using a340 380
2. Methods fluorimeter (CAF-110; Jasco, Tokyo). The ratio of F to340
F [R(F /F )] was calculated as an indicator of380 340 380
21 21The investigation conforms with the Guide for the Care [Ca ] . The absolute Ca concentration was not calcu-i
and use of Laboratory Animals published by the US lated in this experiment because the dissociation constant
21National Institutes of Health (NIH Publication No. 85-23, of fluorescence indicator for Ca in cytosol may be
revised 1996). different from that obtained in vitro.
During equilibration for 60 min, KH solution containing
2.1. Tissue preparation 50.5 mM KCl was repeatedly applied until the sustained
force became reproducible. After equilibration for 60 min
Rabbits of either sex weighing 2–3 kg were anesthetized in normal KH solution, strips were stretched passively to
with sodium pentobarbital (30 mg/kg, i.v.). All procedures the optimal length by imposing a stretch of 50% of resting
21were performed in accordance with protocols approved by length. After strips were stretched, changes in [Ca ] andi
the Institutional Animal Care and Use Committee. The tension were recorded continuously and these tensions and
21brain was excised and placed in a Krebs–Henseleit solu- [Ca ] were maintained throughout the experiments.i
–7tion (KH solution) of the following composition: NaCl, Tension was stable for at least 4–5 h. Nifedipine (10 M;
21119 mM; KCl, 4.6 mM; CaCl , 2.5 mM; KH PO , 1.2 a blocker of voltage-dependent Ca channels),2 2 4
–5mM; MgSO , 1.5 mM; NaHCO , 25 mM; Glucose, 11 gadolinium (10 M; a blocker of stretch activated cation4 3
–5 –7mM. The KH solution was continuously aerated with 95% channels), H-7 (10 M) and calphostin C (5310 M;
–5O and 5% CO . The basilar artery (0.3|0.5 mm outside inhibitors of PKC), and Y-27632 (10 M; an inhibitor of2 2
diameter) was isolated from the brain. Helical strips of RhoA-activated protein kinase; ROK) were added to the
21these arteries were prepared. Even though in vivo the stretched strips to determine their effects on [Ca ] andi
response to blood pressure changes is in the circular myogenic tone.
direction, isometric tension recording in a ring preparation All experiments were conducted in phentolamine and
was not feasible in the present study because of the small timolol-treated strips to eliminate possible a-adrenoceptor
size of the basilar arteries. To avoid the possible influences and b-adrenoceptor, respectively, responses to endoge-
of endothelium-derived factors, the endothelium of the nously released norepinephrine.
strip was removed by gentle rubbing the endothelial
surface.
2.3. Western blot
212.2. Simultaneous measurement of [Ca ] and myogenici
tone Basilar arteries were dissected and special care was
taken to remove all of the adherent connective tissue.
21[Ca ] was measured according to the method de- Non-stretched vessels were quick-frozen in dry ice /ace-i
scribed by Ozaki et al. [16] using fluorescent tone and homogenized in a buffer containing 50 mM Tris
21Ca indicator, fura-2. Basilar strips were exposed to (pH 7.4), 10% glycerol, 5 mM EGTA, 140 mM NaCl, 1%
acetoxymethyl ester of fura-2 (fura-2 /AM, 5 mM) and Nonidet P-40, 5.5 mM leupeptin, 5.5 mM pepstatin, 20
0.02% cremophor EL in KH solution for 3|4 h at room KIU aprotinin, 1 mM Na VO , 10 mM NaF, 0.25%3 4
temperature. At the end of the loading period, the muscle (wt /vol) sodium deoxycholate, 100 mM ZnCl , 20 mM2
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b-glycerophosphate, and 20 mM phenylmethylsulfonyl measured using glycerol-urea minigels. The strips were
fluoride. For each preparation, vessels from four to five rapidly removed from the experimental apparatus after
animals were pooled. Protein-matched samples (30 mg stretch-induced tension was stable with or without drug,
protein / lane) were subjected to electrophoresis on 10% H-7 and Y-27632, and immediately frozen by immersion
SDS–polyacrylamide gels and then were transferred to for 1 h in an acetone-dry ice slurry containing 10%
nitrocellulose membranes. Reversible Ponceau staining of trichloroacetic acid (TCA) and 10 mM dithiothreitol
the membranes was performed to confirm the equal (DTT). Frozen strips were gradually warmed up to room
loading of protein. Membranes were incubated in 5% dried temperature, followed by five rinses with acetone con-
milk in PBS–Tween buffer for 1 h at room temperature taining 5 mM DTT to remove TCA, and then were stored
and then were incubated overnight at 48C in the presence at 2808C before use. The samples suspended in 20 ml of
of primary antibodies to PKCa (1:500; Transduction urea sample buffer [8 M urea, 20 mM Tris base, 23 mM
Laboratories), PKCb (b and b ; 1:1000; Transduction glycine (pH 8.6), 10 mM DTT, 10% glycerol, and 0.04%1 2
Laboratories), PKCe (1:500; Santa Cruz), or PKCi (1:250; bromphenol blue], applied to glycerol-urea minigels (10%
Transduction Laboratories). Membranes were washed and acrylamide /0.8% bisacrylamide, 40% glycerol, 20 mM
then were incubated with horseradish peroxidase-conju- Tris base, and 23 mM glycine), and subjected to electro-
gated secondary antibody (1:10,000; Calbiochem) for 1 h phoresis at 400 V constant voltage until the dye front
at room temperature. Immunoreactive bands were visual- reached the bottom of the gel. Electrophoretic transfer of
ized by enhanced chemiluminescence (ECL; Amersham). proteins from the gels on to nitrocellulose membranes was
Developed films from ECL were scanned, and PKC carried out. The membrane was blocked in 5% dried milk
isoforms were quantitated by densitometry of X-ray films in PBS-Tween buffer for 30 min and then was incubated
using Fugi Photo Film Image with TINA 2.0 program overnight at 48C with a specific 20 kDa myosin light chain
(Raytest; Germany). Care was taken to avoid saturation of monoclonal antibody (1:1000; Sigma). The blot was then
the signal at any step in the process. incubated with an anti-mouse IgG (goat) antibody conju-
gated with horseradish peroxidase (1:1000; Calbiochem)
2.4. Translocation of PKC and RhoA and was visualized with ECL. The 20 kDa myosin light
chain bands were quantitated densitometrically using Fugi
A minimum of 6 small strips of rabbit basilar artery Photo Film Image, and the 20 kDa myosin light chain
were used to provide sufficient protein for reliable sepa- phosphorylation levels were expressed as the area of
ration of cytosolic and membrane fractions. Stretched phosphorylated 20 kDa myosin light chain divided by the
strips were collected after stretch-induced tensions and total area of 20 kDa myosin light chain times 100%.
21[Ca ] were stable. Non-stretched (control) strips werei
collected after only resting force was applied but were 2.6. Drugs
incubated in the isometric tension measurement system for
the same time period as were the stretched strips. Stretched The following drugs were used: nifedipine (Sigma), H-7
and non-stretched strips were quick-frozen and homogen- (Sigma), calphostin C (Sigma), gadolinium (Sigma), and
ized in ice-cold homogenization buffer [10 mM Tris–HCl fura-2 /AM (Molecular Probe). Y-27632 was obtained from
(pH 7.4), 0.25 M sucrose, 2 mM EDTA, 1 mM dithio- Welfide Corporation (Osaka, Japan). General laboratory
threitol (DTT), 5 mM MgCl , 1 mM 4-(2-aminoethy)ben- reagents were used analytical grade or better.2
zenesulfonyl fluoride, 20 mg/ml leupeptin, 20KIU ap-
rotinin] and centrifuged at 100,0003g for 1 h at 48C 2.7. Statistics
(Optima XL-100K ultracentrifuge; Beckman Instruments),
and the supernatant was collected as the cytosolic fraction. All values given in text are mean6S.E. One basilar
Pellets were resuspended, and membrane proteins were artery per rat was used and the ‘n’ depicts the number of
extracted by incubation for 10 min at 48C in homogeniza- animal studied. New strips of basilar artery were used for
tion buffer containing 0.1% Triton X-100. The extract was each separate experiment. Differences between means
centrifuged at 100,0003g for 1 h at 48C. The supernatant tested using Student’s t-test. Significant differences were
was collected and is referred to as the membrane fraction. taken at the P,0.05 level.
Immunoreactive bands for PKC isoforms and RhoA in
cytosolic and membrane fraction were processed as above
for western blots. RhoA (1:500; Santa Cruz) was used as a 3. Results
primary antibody for RhoA.
213.1. Changes in [Ca ] and tension by stretch in rabbiti
2.5. 20 kDa myosin light chain phosphorylation basilar vessels
measurements
21To determine if [Ca ] may play a role in the develop-i
Phosphorylation of the 20 kDa myosin light chain was ment and/or maintenance of myogenic tone of the rabbit
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21Fig. 1. Increase of the Fura-2 Ca signal (top) and the tension (bottom) evoked by stretch of an isolated rabbit basilar artery. Both the stretch-induced
21 21 21increase in the Fura-2 Ca signal [R(F /F )] and tension occur in the presence of extracellular Ca (2.5 Ca ) but not in the absence of extracellular340 380
21 21Ca (0 Ca ).
21basilar vessels, we first determined the effect of stretch on in [Ca ] during the myogenic contraction, we tested thei
21the [Ca ] and tension of the basilar artery. As shown in effect of nifedipine and gadolinium on the tone andi
21 21Fig. 1, in the presence of external Ca , a stretch evoked a [Ca ] in the basilar artery during a stretch. When thei21 21rapid rise in tension without a change in [Ca ] (con- secondary increase in [Ca ] and force was stable, thei i
–7 21sistent with a passive rise in tension), which was followed addition of nifedipine (10 M) decreased [Ca ] andi
by a secondary sustained but gradual increase in tension. force. Nifedipine caused an 18.967.9% (P,0.05) decrease
21The secondary increase in tension (the myogenic contrac- in [Ca ] and a 30.8610.2% (P,0.05, n57) decrease ini21 1tion) was accompanied by an increase in [Ca ] . The force compared to that induced by 50.5 mM K (n57; Fig.i
21magnitude of the myogenic contraction and the elevation 3A). However, in contrast, there was no effect on [Ca ] i21
–5of [Ca ] was 44.666.2% and 23.763.2% (n519), and force in response to gadolinium (10 M) (Fig. 3A).i
21
respectively, of the rise in tension and [Ca ] produced byi
1 2150.5 mM K . In the absence of external Ca , stretch also
21 21evoked a rapid rise of tension without a change in [Ca ] . 3.2. Ca sensitization-mediated myogenic tonei
21However, the secondary increase in tension and [Ca ] i
21did not develop and instead, the tension evoked by stretch To determine if PKC’s and/or RhoA-mediated Ca -
gradually declined during the maintenance of stretch, sensitization may play role in myogenic contraction, we
which is typical of a passive stress-relaxation response.
21 21The addition of external Ca to the 0 Ca solution
21
evoked a secondary increase in tension and [Ca ] (Fig.i
1, right panel). Therefore, the myogenic response of the
basilar artery is maintained. These strips relaxed signifi-
cantly (P,0.05) when the KH solution was replaced with
21 21
a Ca free solution (Fig. 3A). The fall in [Ca ] andi
force was 21.464.9% and 38.269.3% (P,0.05, n519),
21
respectively, of the rise in [Ca ] and force produced byi
150.5 mM K .
21To determine if Ca -sensitization mechanisms may
play a role in stretch-induced contraction of basilar artery,
1
we compared the effects of high K depolarizing stimuli
21
and the stretch on the fura-2 [Ca ] ratio and tension. Asi
shown in Fig. 2, measurement of the relationship between
21peak [Ca ] ratio and tension in the presence of variousi
1 1
concentrations of high K (12.5, 25, 50, and 75 mM K )
21Fig. 2. Fura-2 Ca signal [R(F /F )]–tension relationship obtained340 380and two types of stretch, 50 and 75% stretch of resting
by cumulative addition of KCl (d) or stretch (s) in isolated basilar striplength illustrates that stretch induces greater contraction
of rat. Data are expressed as the value induced by 12.5, 25, 50, and 75
1 21
1than high K at a given [Ca ] . mM K and 50 and 75% stretch of resting length. Results are expressedi
To determine the mechanisms involved in the increase as mean6S.E. (n58).
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21 21Fig. 3. (A) Effect of extracellular Ca removal (Ca -free KH),
–7 –5
nifedipine(10 M) and gadolinium(10 M) on the stretch-induced
21increase in the Fura-2 Ca signal [R(F /F )] and myogenic contrac-340 380
–5 –7tion. (B) Effect of H-7(10 M), calphostin C(5310 M) and Y-27632
25 21(10 M) on the stretch-induced increase in the Fura-2 Ca signal
[R(F /F )] and myogenic contraction. All drugs were added when340 380
myogenic tone was stable. Data are expressed as relative percentage of
KCl (50.5 mM) response. Results are expressed as mean6S.E.
Fig. 4. (A) Immunoblots of PKC-a, -b, -e, -i in isolated rabbit basilar
artery. Immunoblots are representative of four independent preparations.tested the effect of H-7 and calphostin C, PKC inhibitors,
21 (B) Stretch-induced translocation of PKCa and PKCe. Results areand Y-27632, a ROK inhibitor, on [Ca ] and force. Asi representative of four experiments showing that PKCa is translocated
–5
shown in Fig. 3B, H-7 (10 M) slightly (P.0.05) from the cytosol to the membrane fraction and that PKCe is not. (C)21decreased [Ca ] but significantly (P,0.05) decreased Statistical analysis for changes in membrane fraction by stretch. Resultsi
21
are expressed as mean6S.E. Cont: non-stretched vessel, ST: stretchedforce. At steady-state, the decrease in [Ca ] and tensioni
vessel, C: cytosol, M: membrane.was 3.362.2% and 16.265.4% (n58), respectively. Cal-
27 21phostin C (5310 M) decreased in [Ca ] (0.661.2%)i
–5
and tension (14.364.4%, P,0.05, n58). Y-27632 (10
M) decreased in tension with no detectable change in
21[Ca ] . The magnitude of decrease in tension wasi
15.866.4% (P,0.05, n58).
To determine which PKC isoforms are activated during
the myogenic contraction, we first determined the expres-
sion of PKC isoforms in basilar artery using western blot.
In the rabbit basilar artery, two different isoforms of PKC
were found to be expressed; a and e (Fig. 4A). PKCb (b1
and b ) and PKCi expression were not detectable. To2
determine the specificity of translocation of PKC isoforms
by stretch, we also determined the effect of stretch on the
localization of PKCa and PKCe in the cytosol and
membrane fractions of rabbit basilar artery. As shown in
Fig. 4B and C, stretch resulted in the translocation of
PKCa from the cytosol to the membrane fraction (from
12.163.4% to 48.769.9%, P,0.05, n54). However,
stretch had no effect (P.0.05) on the amount of PKCe in
the membrane fraction: 9.260.8% in control and 861.1%
(n54) in stretched strips.
To determine if stretch affects RhoA, we also de-
Fig. 5. (A) Stretch-induced translocation of RhoA. Results are representa-termined the distribution of RhoA during the myogenic
tive of three experiments showing that RhoA is translocated from the
contraction. As shown in Fig. 5, stretch translocated RhoA
cytosol(C) to the membrane(M) fraction by stretch. (B) Statistical
from the cytosol to the membrane fraction from analysis for changes in membrane fraction by stretch. Results are
12.163.4% to 46.269.9% (P,0.05, n53). expressed as mean6S.E.
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1induces greater contraction than high K at a given
21[Ca ] . We also showed that H-7 and calphostin C, PKCi
inhibitors, and Y-27632, a ROK inhibitor, inhibit
21
myogenic tone without or little or no change in [Ca ] .i
Finally, we also showed that stretch evoked translocation
of PKC and RhoA from the cytosol to the membrane.
Thus, these results strongly suggest that PKC and the
21RhoA/ROK pathway are involved in Ca sensitization
associated with myogenic tone. We should emphasize,
however, that the endothelium was removed from all
preparations used in the present study. Thus it is quite
likely that additional endothelial factors also contribute to
these mechanism of the myogenic contraction in vivo.
21To determine the mechanisms of increase in [Ca ] i
during the myogenic contraction, we measured effect of
21
extracellular Ca removal, nifedipine and gadolinium on
21the stretch-induced increase in [Ca ] and myogenic tone.i
Fig. 6. Changes in 20-KDa myosin light chain (MLC) phosphorylation We showed that myogenic tone was accompanied by an
21 21with stretch and effects of H-7 and Y-27632. Results are representative of increase in [Ca ] but the increases in [Ca ] andi iimmunoblots of five independent preparations. Results are expressed as
myogenic tone are eliminated in the absence of extracellu-
mean6S.E. 21lar Ca . These results are consistent with previous results
in that myogenic tone is highly dependent on extracellular
213.3. 20 kDa myosin light chain phosphorylation and Ca [19]. Earlier work on myogenic tone from small
myogenic tone arteries which was carried out on cat middle cerebral
vessels showed that an increase in intraluminal pressure
To determine the possible downstream effectors of was associated with a membrane depolarization [4]. Mein-
myogenic tone, we measured 20 kDa myosin light chain inger and colleagues [20] proposed a model in which
phosphorylation in non-stretched strips, and stretched pressure-evoked activation of stretch-activated cation chan-
1
strips undergoing a steady-state myogenic tone. As shown nels would leads to an influx of cations such as Na and
21in Fig. 6, 20 kDa myosin light chain phosphorylation Ca that is able to elicit a membrane depolarization. This,
increased in a statistically significant manner (P,0.05) then, increases the open probability of voltage-activated
21 21from 31.767.3% in non-stretched strips to 47.269.4% Ca channels and sustains an extracellular Ca entry
(n55) in stretched strips. However, the increase in 20 kDa that elicits a contraction [21]. These previous results are in
myosin light chain phosphorylation caused by stretch was contrast to our results, in that gadolinium, a blocker of
significantly inhibited (P,0.05) by pre-treatment of strips stretch-activated cation channels, did not block changes in
–5 –5
with H-7 (10 M) and Y-27632 (10 M). The level of 20 myogenic tone. More recently, it was shown that inhibition
21 21kDa myosin light chain phosphorylation was 31.366.7% of Ca entry through voltage-activated Ca channels
(n55) in the presence of H-7 and 20.469.5% (n55) in the with nifedipine attenuated myogenic tone [6,22] and that
21presence of Y-27632. stretch directly activated voltage-activated Ca channels
[23]. These results are consistent with our results.
To further determine the role of PKC in the develop-
4. Discussion ment of myogenic tone, we have tested the effect of PKC
21inhibitors on [Ca ] and myogenic tone. As mentionedi
In this study, we have shown that basilar artery main- above, we observed that H-7 and calphostin C, inhibitors
tains myogenic tone and that this tone is highly dependent of PKC, decrease myogenic tone without significantly
21 21
on extracellular Ca . We also have shown that the changing [Ca ] . Others have also reported that PKCi
development and/or maintenance of myogenic tone is due inhibitors inhibit myogenic tone induced by elevation of
21to both an increase in [Ca ] and a modulation of intraluminal pressure and stretch [6,9]. To further test thei
signaling pathways involving PKC and RhoA. Previous idea that PKC is involved in the mechanism of myogenic
reports [9,17,18] have suggested a role for PKC in the contraction, we measured translocation of PKC during
21Ca sensitization associated with myogenic tone, how- stretch. We identified two different isoforms of PKC in
21
ever, the present study is the first to show not only an basilar arteries: abundant amounts of PKCa (Ca depen-
21involvement of PKC but also of RhoA. As evidence for dent isoform) and less abundant amounts of PKCe (Ca
21Ca sensitization, we showed that stretch evoked a independent isoform). We were unable to detect the
21
smaller increase in [Ca ] at comparable levels of tension presence of PKCbI, PKCbII and PKCi. In the presenti
1
compared to that of high K stimulation and that stretch study, we identified that PKCa but not PKCe was translo-
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cated from the cytosol to the cell membrane by stretch. In summary, our results are consistent with important
21These results are consistent with our [Ca ] and tension roles for PKC and RhoA in the generation of myogenici
results in that myogenic tone is highly dependent on tone. Furthermore, enhanced 20 kDa myosin light chain
21increase in [Ca ] . Thus, our results are consistent with a phosphorylation by activation of PKCa and/or RhoA mayi
21 21
role for PKCa in the Ca sensitization associated with be key mechanisms for the Ca sensitization associated
myogenic contractions. It has previously been reported that myogenic tone in basilar vessels.
myogenic stretch activates a membrane-bound phospholip-
ase (in particular phospholipase C). Thus, diacylglycerol,
the endogenous activator of many of the PKC isoforms, Acknowledgements
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